We report the discovery of HATS-5b, a transiting hot-Saturn orbiting a G type star, by the HATSouth survey. HATS-5b has a mass of M p ≈ 0.24 M J , radius of R p ≈ 0.91 R J , and transits its host star with a period of P ≈ 4.7634 d. The radius of HATS-5b is consistent with both theoretical and empirical models. The host star has a V band magnitude of 12.6, mass of 0.94 M ⊙ , and radius of 0.87 R ⊙ . The relatively high scale height of HATS-5b, and the bright, photometrically quiet host star, make this planet a favourable target for future transmission spectroscopy follow-up observations. We reexamine the correlations in radius, equilibrium temperature, and metallicity of the close-in gasgiants, and find hot Jupiter-mass planets to exhibit the strongest dependence between radius and equilibrium temperature. We find no significant dependence in radius and metallicity for the close-in gas-giant population.
INTRODUCTION
Transiting planets are the best characterised planets outside of our solar system. The transit geometry allow us to measure the mass, radius, and characterise the atmosphere (e.g. Charbonneau et al. 2002; Deming et al. 2005 ) and dynamics (e.g. Queloz et al. 2000) of individual planets. As a result the of discoveries from wide-field ground and space-based photometric surveys (e.g. Bakos et al. 2004; Pollacco et al. 2006; Borucki et al. 2010; Bakos et al. 2013) , statistical studies have revealed that close-in gas-giants are rare (e.g. Howard et al. 2012; Fressin et al. 2013) , have relatively dark albedos (e.g. Cowan & Agol 2011) , and are found preferentially around metal-rich stars (e.g. Santos et al. 2004; Buchhave et al. 2012) .
Previous studies have also explored effect of irradiation and composition in inflating the radius of gas giants (e.g. Guillot et al. 2006; Enoch et al. 2011; Béky et al. 2011; Enoch et al. 2012 ). In particular, Enoch et al. (2011 Enoch et al. ( , 2012 found that the radius of Saturn-mass planets are more dependent on metallicity than Jupiter-mass planets, revealing a mass dependence to the inflation mechanisms.
Intensive ground-based follow-up observations are extremely important for the characterisation of transiting gas-giants. Due to the mass degeneracy in the gas-giant regime, Saturns, Jupiters, and brown dwarfs cannot be distinguished from discovery transit photometry alone. The mass degeneracy is a major limitation against using the Kepler candidate sample to study mass-dependent statistics of close-in gas-giant planets. The rarity of close-in gas giants, and the relative difficulty of characterising hot-Saturns compared to hot-Jupiters, leaves the hot-Saturn regime still poorly explored. Of the 299 confirmed transiting planets 15 , only 23 have masses in range of Saturn (0.1 < M p < 0.5 M J ) and are found in close-in orbits (P < 10 days). As a result, our statistical understanding of the hot-Saturn population is relatively less mature.
In this study, we report the discovery of the transiting hot-Saturn HATS-5b by the HATSouth survey. The HATSouth discovery, photometric and spectroscopic follow-up observations are detailed in Section 2. Analyses of the results, including derivation of host star parameters, global modelling of the data, blend analyses, and constraints on the wavelength-radius relationship, are described in Section 3. In Section 4, we revisit some of the statistical trends for the close-in gas-giant population, and discuss HATS-5b in the context of the known hot-Saturns and hot-Jupiters.
OBSERVATIONS

Photometric detection
The transit signal around HATS-5 was first detected from photometric observations by the HATSouth survey . HATSouth is a network of identical, fully-robotic telescopes located at three sites spread around the Southern Hemisphere, allowing continuous coverage of the surveyed fields. Altogether 8066 observations of HATS-5 were obtained by the HATSouth units HS-1 in Chile, HS-3 in Namibia, and HS-5 in Australia from September 2009 to December 2010. Each unit consists of four 0.18 m f/2.8 Takahasi astrographs and Apogee 4K×4K U16M Alta CCD cameras. Each telescope has a field of view of 4
• × 4 • , with a pixel scale of 3.7
′′ pixel −1 . The observations are performed with 4 minute exposures through the Sloan r ′ filter. Discussions of the HATSouth photometric reduction and candidate identification process can be found in detail in Bakos et al. (2013) and Penev et al. (2013) . Aperture photometry was performed and detrended using External Parameter Decorrelation (EPD, Bakos et al. 2007 ) and Trend Filtering Algorithm (TFA, Kovács et al. 2005) . Transit signals were identified using the Boxfitting Least Squares analysis (BLS, Kovács et al. 2002) . Table 1 summarises the photometric observations for HATS-5. The HATSouth discovery light curve is plotted in Figure 1 . 
Spectroscopy
Spectroscopic confirmation of HATS-5b consisted of separate reconnaissance observations to exclude most stellar binary false-positive scenarios that can mimic the transit signal of an exoplanet. High resolution, high signal-to-noise measurements of the radial velocity (RV) variation for HATS-5 were then obtained to confirm the planetary status of HATS-5b. The spectroscopic followup observations are presented in Table 2 .
Low resolution reconnaissance observations were performed using the Wide Field Spectrograph (WiFeS, Dopita et al. 2007 ) on the ANU 2.3 m telescope at Siding Spring Observatory, Australia. A flux calibrated spectrum was obtained at R ≡ λ/∆λ = 3000 to provide an initial spectral classification of HATS-5 as an G-dwarf with T eff = 5300 K, log g = 4.5, and [Fe/H] = 0. These stellar parameters are later refined by higher resolution observations (Section 3). Multi-epoch observations at R = 7000 confirmed the candidate did not exhibit > 1 km s −1 RV variations. Such velocity variations are indicative of eclipsing stellar binaries, which have so far made up ∼ 30% of HATSouth candidates. Details of the WiFeS follow-up procedure and stellar binary identification process can be found in Bayliss et al. (2013) and Zhou et al. (2013) . Candidates that pass the WiFeS vetting process are passed on to higher resolution observations.
HATS-5 received nine high resolution (R = 60000) reconnaissance RV observations with the CORALIE spectrograph on the Swiss Leonard Euler 1.2 m telescope at La Silla Observatory, Chile, and fourteen R = 48000 observations with the FEROS spectrograph on the ESO/MPG 2.2 m telescope at La Silla. Detailed descriptions of the acquisition, reduction, and analyses of the CORALIE and FEROS observations can be found in the previous HATSouth discovery papers Mohler-Fischer et al. 2013) . Velocities from these observations allowed us to constrain the RV orbit semiamplitude to be < 45 m s −1 . The upper limit RV constraints from CORALIE, FEROS, and WiFeS indicated that HATS-5b is a low density gas-giant. High signal-to-noise, high resolution observations were required to determine the RV orbit of the system. Velocities of HATS-5 were obtained Planet Finding Spectrograph (PFS) on the 6.5 m Magellan Baade telescope at Las Campanas Observatory, Chile, and the High Dispersion Spectrograph (HDS) on the 8.2 m Subaru telescope at Manua Kea Observatory, Hawaii. The PFS and HDS velocities and bisector spans are presented in Table 3 , the RV orbit is plotted in Figure 2 .
The Subaru/HDS (Noguchi et al. 2002 ) observations were carried out on the nights of 19-22 Sep 2012 UT. Observations were made using an I 2 cell on four of the nights , and without the I 2 cell on one of the nights. We used the KV370 filter, the 0.
′′ 6×2. ′′ 0 slit, and the StdI2b setup, yielding spectra with a resolution of R = 60000 and wavelength coverage of 3500-6200Å. On each night we obtained three consecutive observations yielding a total S/N per resolution element of ∼ 100. The observations are split into three to reduce the impact of cosmic ray contamination and changes in the barycentric velocity correction over the course of an exposure. The I 2 -free observations were used to create a template spectrum needed to measure precise relative RV values from the observations made with the I 2 cell. The individual spectra were reduced to RV measurements using the procedure of Sato et al. (2002 Sato et al. ( , 2012 , which in turn is based on the method of Butler et al. (1996) . Additionally we measured spectral line bisectors following Bakos et al. (2007) for each observation. The root-meansquared (RMS) scatter of the HDS velocities from the We obtained one iodine-free spectrum, and all other spectra were taken using the iodine cell and a slit-width of 0.5 ′′ . To increase the signal-to-noise of each spectrum we read-out with 2×2 binning and in slow readout mode. Consecutive pairs of 20 min exposures were taken on each night. The RV for each spectrum was determined using the spectral synthesis technique detailed in Butler et al. (1996) . The (RMS) scatter of the PFS velocities from the best fit Keplerian curve is 3.8 m s −1 .
2.3. Photometric follow-up observations High precision photometric follow-ups of a partial and a full transit of HATS-5b were performed on 2012 October 10 and 2012 December 11, respectively, using GROND on the ESO/MPG 2.2 m telescope (Greiner et al. 2008) . The GROND imager provides simultaneous photometric monitoring in four optical bands (g ′ , r
′′ pixel −1 sampling. Details of the GROND observation strategy, reduction, and photometry procedure can be found in Penev et al. (2013) and Mohler-Fischer et al. (2013) . The GROND light curves are presented in Table 4 and plotted in Figure 3 .
ANALYSIS
The stellar parameters for HATS-5 are derived from the PFS iodine-free spectrum using the Stellar Parameter Classication (SPC) process described in Buchhave et al. (2012) . The derived values for effective temperature, surface gravity, metallicity, and projected rotational velocity are T eff = 5300 ± 50 K, log g = 4.51 ± 0.10 cgs, [Fe/H] = 0.19 ± 0.08 dex, and v sin i = 0.8 ± 0.5 km s −1 , respectively. The surface gravity is later confirmed from transit light curve fitting as per Sozzetti et al. (2007) . The SPC derived stellar parameters agree with the classifications made by the reconnaissance spectroscopic observations to within 10 K in T eff , 0.4 dex in log g, and 0.2 dex in [Fe/H] .
To derive the system parameters, we performed a global analysis of the HATSouth discovery light curves, follow-up photometry from GROND, and RV orbit measurements from PFS and HDS. The best fit parameters and posteriors are determined using a Markov chain Monte Carlo analysis, the global analysis procedure is fully described in Bakos et al. (2010) and Penev et al. (2013) . Following Sozzetti et al. (2007) , we use the stellar density from the light curve in the global fit and the spectroscopic stellar parameters, T eff and [Fe/H], to sample from the Yonsei-Yale theoretical isochrones (Yi et al. 2001) , deriving the stellar mass and radius for HATS-5. The resulting log g from the isochrone sampling matches the spectroscopic log g from SPC. The full list of final spectroscopic and derived stellar properties are presented in Table 5 , the fitted system parameters and derived planet properties in Table 6 . To rule out the possibility that HATS-5 is a blended eclipsing stellar binary system, rather than a transiting planet system, we carried out a blend analysis following Hartman et al. (2011) . Based on the light curves, spectroscopically determined atmospheric parameters, and absolute photometry, we are able to exclude scenarios involving a stellar binary blended with a third star (either physically associated, or not associated with the binary) with 7σ confidence. In order to fit the light curves, the blend scenarios require a combination of stars with redder broad-band colours than are observed. Moreover, the best-fit blend model would produce RV variations of several km s −1 and bisector variations of several hundred m s −1 , which are substantially greater than the observed variations. We conclude that the observations of HATS-5 are best explained by a model consisting of a planet transiting a star.
To search for rotational modulations of the host star, we perform a Lomb-Scargle (Lomb 1976; Scargle 1982) analysis of the HATSouth discovery light curves, with the transits masked. No statistically significant peaks were identified in the TFA light curves. The expected rotation period from the spectroscopic v sin i measurement is 34 days, which is difficult to measure from ground-based photometry (most of the HATSouth photometric data for HATS-5b were gathered over ∼ 3 months). We find no emission features in the Calcium H and K lines in the iodine free HDS and PFS spectra, indicating minimal chromospheric activity. The slow rotation rate and the lack of chromospheric activity are both consistent with the isochrone age estimate for HATS-5.
3.1. Constraining the radius-wavelength dependency of HATS-5b Multi-band transit observations by GROND can provide constraints on the dependency between planet radius and wavelength (e.g. Nikolov et al. 2013; Mancini et al. 2013) , and potentially probe for molecular absorption and Rayleigh scattering features in the transmission spectrum of a planet. We performed a separate fitting of the GROND full transit data from YY+a/R⋆+SPC Distance (pc) . . . . . 257 ± 8 YY+a/R⋆+SPC a SPC: The stellar parameters are derived from the PFS iodine-free spectrum using the Stellar Parameter Classification (SPC) pipeline (Buchhave et al. 2012 ). These parameters also have small dependences on the global model fit and isochrone search iterations. b YY+a/R⋆+SPC: Based on the YY isochrones (Yi et al. 2001 ), a/R⋆ as a luminosity indicator, and the SPC results. 2012 December 11, simultaneously fitting for the transit parameters T c , a/R ⋆ , and i, and the individual R p /R ⋆ for each passband. The fitting is performed using the JKTEBOP eclipsing binary model (Nelson & Davis 1972; Southworth et al. 2004) , with both quadratic limb darkening coefficients fixed to that of Claret (2004) , and freed and parameterised according to Kipping (2013) . The best fit parameters and uncertainties are explored by the emcee implementation of a Markov chain Monte Carlo routine (Foreman-Mackey et al. 2012) under Python. Simultaneous EPD is performed on the residuals for each iteration with a linear combination of the first order terms for time, target star X position, Y position, full width at half maximum, and airmass. The final R p /R ⋆ values are consistent with each other to within errors for the fixed and free limb darkening coefficient analyses.
The deviation from mean radius for each passband is plotted in Figure 5 . For comparison, we also plot the wavelength-radius variation of HD 189733b, as measured using the Hubble Space Telescope (HST) by Pont et al. (2008); Sing et al. (2011) , and scaled to match the scale height (500 km) and R p /R ⋆ of HATS-5b, assuming an H 2 dominated atmosphere (following Snellen et al. 2008) . HD 189733b is a pL class planet according to Fortney et al. (2008) , with a mildy irradiated atmosphere that is potentially similar to that of HATS5b. The results of the GROND observations are consistent with both a null detection of atmospheric features and that expected from the scaled measurements of HD 189733b. We do not see obvious star spot crossing events in the transit light curve, although unocculted spots can also cause a slope in the broadband R p /R ⋆ measurements (e.g. Pont et al. 2008; Sing et al. 2011 ). Whilst we do not detect any atmospheric features on HATS5b, the large scale height makes HATS-5b an appealing target for future transmission spectroscopy observations. Future observations in the bluer U -band may also reveal opacity variations in the atmosphere by H 2 Rayleigh scattering (e.g. Sing et al. 2011 Sing et al. , 2013 Jordán et al. 2013; Nascimbeni et al. 2013) . Reciprocal of the half duration of the transit used as a jump parameter in our MCMC analysis in place of a/R⋆. It is related to a/R⋆ by the expression ζ/R⋆ = a/R⋆(2π(1 + e sin ω))/( (Bakos et al. 2010) . c Values for a quadratic law given separately for the Sloan g, r, and i filters. These values were adopted from the tabulations by Claret (2004) according to the spectroscopic (SPC) parameters listed in Table 5 . d This jitter was added in quadrature to the RV uncertainties for each instrument such that χ 2 /dof = 1 for the observations from that instrument. In the case of HDS, χ 2 /dof < 1, so no jitter was added. e Correlation coefficient between the planetary mass Mp and radius Rp. A mean radius ratio has been subtracted for each passband. The radius ratios from the limb darkening fixed (blue) and free (red) analyses are plotted. We also plot the transmission spectrum of HD 189733b as observed using HST by Pont et al. (2008); Sing et al. (2011) , and scaled to match the scale height and radius ratio of HATS-5b. The transmission curves for each filter are plotted at the bottom. 
DISCUSSION
We presented the discovery of HATS-5b, a transiting hot-Saturn with mass of 0.237 ± 0.012 M J and radius of 0.912 ± 0.025 R J . HATS-5b is the the lowest mass and radius planet to date reported by the HATSouth survey. The host star is a quiet, slowly rotating G-dwarf with a stellar mass of 0.936 ± 0.028 M ⊙ and radius of 0.871 ± 0.023 R ⊙ . The mass and radius of HATS-5b are plotted in the context of existing close-in transiting gas giants in Figure 6 .
The radius of HATS-5b is consistent with the model of an irradiated gas-giant that formed via core accretion (Fortney et al. 2007 ). The radius is also consistent within 1σ to the empirical radius relationship for Saturnmass planets from Enoch et al. (2012) . We examine below the empirical factors that affect the radius of irradi- ated gas-giants.
4.1. The T eq -[Fe/H]-radius relationship A number of previous studies have investigated the relationship between the planet radius distribution, host star metallicity, and levels of insolation (e.g. Guillot et al. 2006; Enoch et al. 2011; Béky et al. 2011; Enoch et al. 2012) . The factors that impact the radius of a gas giant should be mass dependent. For example, the level insolation should have a less significant impact on the radius of the denser, more massive gas giants and brown dwarfs than on the less dense Saturn-mass planets. Here, we revisit the mass dependence of the planet radius on the host star metallicity and the planet equilibrium temperature.
We bin the planet population into samples of 20, and perform a least squares fit for a linear dependence between radius, mass, equilibrium temperature T eq , and metallicity:
where the magnitude of c 1 and c 2 are used to judge the level of correlation for T eq and [Fe/H], respectively. c 3 takes into account a linear dependence between mass and radius within the mass bin. c 4 is an arbitrary offset in the fit. The errors in the coefficients are derived by bootstrapping the analysis within each mass bin. Since each mass bin covers a relatively small mass range, a linear dependence is sufficient (see Figure 7 for the sizes of each mass bin). We find a peak in the mass dependence of the T eq correlation at M p ∼ 1 M J , and a general lack of overall correlation between R p and [Fe/H]. The correlation coefficients are plotted against their respective mass bins in Figure 7 . We repeated the exercise using only planets with solar-mass hosts (0.8 < M ⋆ < 1.2 M ⊙ ), to reduce any potential selection effects in the target selection and spectral classifications of the surveys. Smaller planets are found in longer periods (e.g. Mazeh et al. 2005; Davis & Wheatley 2009) , biasing the T eq -mass distribution. To reduce the effect of the bias, we re-perform the analysis using only mildy irradiated planets (T eq < 1500 K). In addition, the radius-T eq dependence is non-linear over the general population (Demory & Seager 2011) , limiting the T eq range has the added benefit of reducing effect of the non-linear dependence on the analysis. In all cases we find the peak dependence to T eq to be ∼ 1 M J , and a lack of dependence on [Fe/H].
We also perform the same analysis for the entire population of hot gas-giants, fitting for a second order polynomial in mass-radius, and linear dependence to T eq and [Fe/H]. We find a strong correlation in T eq with c 1 = 0.81 ± 0.17, and an insignificant correlation in [Fe/H] , with c 2 = −0.25 ± 0.14. Increasing the order of the polynomial does not affect the coefficient values within errors. We find the overall dependence to [Fe/H] to be weak at best. Miller & Fortney (2011) suggests that the [Fe/H]-radius dependence is more prominent for the least irradiated planets, we limit the analysis to planets with T eq < 1500 K, but still find a lack of correlation with [Fe/H], with c 1 = 0.37 ± 0.11 and c 2 = −0.15 ± 0.10.
We find the radius of Saturn-mass planets are less affected by their equilibrium temperature than Jupitermass planets, in agreement with the Singular Value Decomposition analysis performed by Enoch et al. (2012) . In addition, we also find that the radius of planets with M p > 1 M J are also less dependent on equilibrium temperature. This effect is reproduced by the isochrones from Fortney et al. (2007) . The isochrones can also reproduce a drop in the correlation strength between irradiation and radius for the least massive gas-giants (M p < 0.3 M J ), but require the presence of a large core (M c > 10 M Earth ). Interestingly, we find no statistically significant dependence of radius on the host star metallicity, contrary to previous examinations (e.g. Guillot et al. 2006; Béky et al. 2011; Enoch et al. 2011 Enoch et al. , 2012 . It is not clear how the host star metallicity affects the metallicity and radius of the planet. A higher metallicity disk may produce planets with more massive cores, leading to a smaller overall radius (e.g. Guillot et al. 2006) , but a higher opacity atmosphere is more efficient at retaining heat, reducing the rate of contraction, leading to a more inflated radius (e.g. Burrows et al. 2007 Burrows et al. , 2011 . 
